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CLAIMS 

1 m A process for liquefying natural gas, said process comprising the steps 

of: 

(a) flashing a pressurized liquefied natural gas stream in a first 
expander to provide a first flash gas and a first liquid stream; 

(b) flashing at least a portion of the first liquefied stream in a second 
expander to provide a second flash gas and a second liquid stream; 

(c) flashing at least a portion of the second liquid stream at or 
immediately upstream of a liquefied natural gas storage tank, thereby providing a third 
flash gas and a final liquefied natural gas product; and 

(d) conducting the third flash gas and the final liquefied natural gas 
product to the liquefied natural gas storage tank. 

2. A process according to claim 1; and 

(e) conducting at least a portion of the third flash gas from the 
liquefied natural gas storage tank to a heat exchanger for use as a cooling agent. 

3. A process according to claim 2; and 

(f) conducting at least a portion of the third flash gas from the heat 
exchanger to a compressor; and 

(g) compressing at least a portion of the third flash gas in the 

compressor. 

4. A process according to claim 1; and 

(h) upstream of the liquefied natural gas storage tank, splitting at 
least a portion of the second liquid stream into a refrigerant portion and a product 
portion. 

5. A process according to claim 4; and 

(i) conducting the refrigerant portion and at least a portion of the 
third flash gas to a common conduit; and 

(j) combining the refrigerant portion and at least a portion of the 
third flash gas in the common conduit. 

6. A process according to claim 5, 

said common conduit being a cold side of an indirect heat exchanger. 
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7. A process for liquefying natural gas, said process comprising the steps of: 

(a) flashing a pressurized liquefied natural gas stream in a first 
expander to provide a first tlasH gas and a first liquid stream; 

(b) flashing at least a portion of the first liquefied stream in a second 
expander to provide a second flash gas and a second liquid stream; 

(c) flashing at least a portion of the second liquid stream at or 
immediately upstream of a liquefied natural gas storage tank, thereby providing a third 
flash gas and a final liquefied natural gas product; 

(d) upstream of the liquefied natural gas storage tank, splitting at 
least a portion of the second liquid stream into a refrigerant portion and a product 
portion; 

(e) conducting the refrigerant portion and at least a portion of the 
third flash gas to a common conduit; 

(f) combining the refrigerant portion and at least a portion of the 
third flash gas in the common conduit, said common conduit being a cold side of an 
indirect heat exchanger; and 

(g) upstream of the liquefied natural gas storage tank, subcooling the 
second flash gas stream by indirect heat exchange in the heat exchanger. 

8. A process according to claim 5; and 

(1) conducting the combined refrigerant portion and third flash gas 
from the common conduit to a compressor; and 

(m) compressing the combined refrigerant portion and third flash gas 
in the compressor. 

9. A process according to claim 8; and 

(n) removing liquids from the combined refrigerant portion and third 
flash gas prior to compression in the compressor. 

10. A process according to claim 1; and 

(o) upstream of the first expander, cooling the pressurized liquefied 
natural gas stream by indirect heat exchange with at least a portion of the first flash gas. 

11. A process according to claim 10; and 

(p) upstream of the first expander, cooling the pressurized liquefied 
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natural gas stream by indirect heat exchange with at least a portion of the second flash 
gas. 

12. A process according to claim i; and 

(q) conducting the second liquid stream from the second expander to 
5 the liquefied natural gas storage tank without the use of a pump fluidly disposed 
between the second expander and the liquefied natural gas storage tank. 

13. A process according to claim 1 , 

said flashing of step (a) including reducing the pressure of the pressurized 
liquefied natural gas stream by about 40 to about 90 percent, 
10 said flashing of step (b) including reducing the pressure of the first liquid 

stream by about 40 to about 90 percent, 

said flashing of step (c) including reducing the pressure of the second 
liquid stream by about 30 to about 80 percent. 

14. A process according to claim 1 , 

1 5 said pressurized natural gas stream entering the first expander at a 

pressure in the range of from about 550 psia to about 650 psia, 

said first liquid stream exiting the first expander at a pressure in the range 
of from about 180 psia to about 240 psia, 

said second liquid stream exiting the second expander at a pressure in the 
20 range of from about 40 psia to about 80 psia, 

said final liquefied natural gas product in the liquefied natural gas storage 
tank having a pressure in the range of from about 10 psia to about 50 psia. 

15. A process according to claim 1; and 

(r) vaporizing liquefied natural gas produced via steps (a)- (d). 
25 16. A process for liquefying natural gas, said process comprising the steps 

of: 

(a) flashing a pressurized liquefied natural gas stream in a first 
expander to provide a first flash gas and a first liquid stream; 

(b) flashing at least a portion of the first liquid stream in a second 
30 expander to provide a second flash gas and a second liquid stream; 

(c) subcooling at least a portion of the second liquid stream in a heat 
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exchanger, thereby providing a subcooled liquefied natural gas stream; and 

(d) conducting at least a portion of the subcooled liquefied natural 
gas stream to a liquefied natural gas storage tank. 

17 A process according to claim 1 6; and 

(e ) upstream of the liquefied natural gas storage tank and 
downstream of the heat exchanger, splitting at least a portion of the subcooled liquefied 
natural gas streaminto arefrigerant portion and aproduct portion at a splitting pomt; 

(f) conducting the refrigerant portion to the heat exchanger; and 

( g ) conducting the product portion to the liquefied natural gas storage 

tank. 

j g A process according to claim 17, 

said subcooling of step (d) being accomplished, at least in part, by 
indirect heat exchange between the refrigerant portion and the second liquid stream in 
the heat exchanger. 

19 A process according to claim 17; and 

(h) immediatelyupstreamoftheUquefiednaturalgas storagetank, 

flashing at least a portion of the subcooled liquefied natural gas stream in a third 
expander, thereby providing a third flash gas and a final liquefied natural gas product nx 
the liquefied natural gas storage tank. 

20 A process according to claim 19; and 

(i) conducting at least a portion of the third flash gas from the 
liquefied natural gas storage tank to the heat exchanger; and 

(j) combining the refrigerant portion and the third flash gas in the 

heat exchanger. 

21 a process according to claim 20; and 

(k) maintaining the product portion of the subcooled liquefied natural 
gas streamsubstantiallyinahquid state using a back pressure valve disposed proximate 
an inlet of the liquefied natural gas storage tank. 

22. A process according to claim 1 6; and 

(1) vaporizing liquefied natural gas produced via steps (a)-(d). ■ 

23. Aprocess for Uquefying natural gas, said process comprising the steps 
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of: 

(a) flashing a first liquefied natural gas stream in a first expander to 
provide a first flash gas and a first liquid stream; 

(b) conducting a product portion of the first liquid stream to a 
5 liquefied natural gas storage tank, said product portion comprising both liquid and 

vapor; 

(c) conducting a refrigerant portion of the first liquid stream to a heat 

exchanger; 

(d) conducting natural gas vapors from the liquefied natural gas 
10 storage tank to the heat exchanger; and 

(e) combining the natural gas vapors and the refrigerant portion in the 
heat exchanger. 

24. A process according to claim 23; and 

(f) subcooling the first liquid stream in the heat exchanger. 
15 25 . A process according to claim 24, 

said subcooling of step (f) being accomplished, at least in part, by 
indirect heat exchange between the refrigerant portion and the first liquid stream. 

26. A process according to claim 25, 

said combining of step (e) being accomplished after the refrigerant 
20 portion has already been used in the heat exchanger to provide at least partial subcooling 
of the first liquid stream. 

27. A process according to claim 24; and 

(g) downstream of the heat exchanger, splitting at least a portion of 
the first liquid stream into the product portion and the refrigerant portion at a splitting 

25 point; and 

(h) inaintaining the product portion substantially in a liquid state 
using a back pressure valve disposed proximate an inlet of the liquefied natural gas 
storage tank. 

28. A process according to claim 23; and 

30 0) flashing the product portion in a third expander located 

immediately upstream of the liquefied natural gas storage tank, thereby forming said 
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natural gas vapors. 

29. A process according to claim 23; and 

steos (aV(d). 

(k) vaporizing nqucucu uanu^ — * • - 

30. An apparatus fox liquefying natural gas, said apparatus comprising: 
a first liquid expander having a first expander outlet; 

a first gas-liquid separator fluidly coupled to the first expander outlet and 
having a first gas outlet and a first liquid outlet, 

a second liquid expander fluidly coupled to the first liquid outlet and 

having a second expander outlet; 

a second gas-liquid separator fluidly coupled to the second expander 
outlet and having a second gas outlet and a second liquid outlet; 

an ^direct heat exchanger defining a first fluid flow path and a second 

another, said heat exchanger defining first and second flow path inlets and outlets for the 
fat and second fluid flow paths respectively, said first flow path inlet being flmdly 
coupled to the second liquid outlet; 

a splitter fluidly coupled to the first flow path outlet and having a product 

outlet and a refrigerant outlet; and 
the product outlet. 

3 1 An apparatus according to claim 30, 

said refrigerant outlet being fluidly coupled to the second flow path inlet. 

32 An apparatus according to claim 3 1 ; and 

aback pressure valve fluidly disposed between the product outlet of the 
sphtter and the tank inlet and positioned proximate the tank inlet. 

33 An apparatus according to claim 31; and 

a pressure reducer fluidly disposed between the first flow path outlet and 

the splitter. 

34. An apparatus according to claim 30, 

said liquefied natural gas storage tank having a vapor outlet, 
said vapor outlet being fluidly coupled to the second flow path. 
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35. An apparatus according to claim 34, 

said heat exchanger having an intermediate second flow path inlet fluidly 
disposed downstream of the second tlow patn iniet, 

said vapor outlet being fluidly coupled to the intermediate second flow 

path inlet. 

36. An apparatus according to claim 35, 

said intermediate second flow path inlet being fluidly disposed between 
the second flow path inlet and the second flow path outlet. 

37. An apparatus according to claim 35, 

said first flow path being at least partly positioned adjacent an upstream 
portion of the second flow path for indirect heat exchange therebetween, 

said upstream portion of the second flow path being defined between the 
second flow path inlet and the intermediate second flow path inlet. 

38. An apparatus according to claim 30; and 

a compressor having a compressor inlet fluidly coupled to the second 
flow path outlet. 

39. An apparatus according to claim 38; and 

a liquids removal drum fluidly disposed between the second fluid outlet 
and the compressor inlet. 

40. A process for liquefying a natural gas stream, said process con^rising 
the steps of: 

(a) cooling the natural gas stream in a first refrigeration cycle 

employing a first refrigerant; 

(b) cooling the natural gas stream in a second refrigeration cycle 

employing a second refrigerant; 

(c) cooling the natural gas stream in a third refrigeration cycle 

employing a third refrigerant; and 

(d) cooling the natural gas stream in a multi-stage expansion cycle 
comprising at least 3 expansion stages, said multi-stage expansion cycle comprising 2 or 
fewer phase separators. 

41. A process according to claim 40, 
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said third refrigerant comprising predominantly methane. 

42. A process according to claim 41 , 

saia nrsx remgci*iut wmpnoiiig ^vuv/umu^vy r v r ? r- - 

mixtures thereof, 

said second refrigerant comprising predominantly ethane, ethylene, or 
mixtures thereof. 

43. A process according to claim 42, 

step (b) being performed downstream of step (a), 
step (c) being performed downstream of step (b), 
step (d) being performed downstream of step (c). 

44. A process according to claim 40, 

said process for liquefying a natural gas stream being a cascade-type 

refrigeration process. 

45. A process according to claim 40, 

said third refrigeration cycle being an open methane refrigeration cycle. 

46. A process according to claim 40, 

said third refrigeration cycle comprising a methane economizer 
comprising a plurality of heat exchanger passes for providing indirect heat exchange 
between a plurality of predominantly methane streams, 

step (c) including cooling the natural gas stream in a first heat exchanger 

pass of the methane economizer. 

47. A process according to claim 46, 
step (d) including the substeps of: 

(dl) reducing the pressure of at least a portion of the natural gas 
stream in a first expander to thereby provide a first pressure-reduced stream; 

(d2) separating at least a portion of the first pressure-reduced stream 
into a first separated stream and a second separated stream; 

(d3) warming at least a portion of the first separated stream in a second 
heat exchanger pass of the methane economizer to thereby provide a first warmed 
stream; and 

(d4) cooling at least a portion of the second separated stream in a third 
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heat exchanger pass of the methane economizer to thereby provide a second cooled 
stream 

48 . A process according to claim 47 , 

substep (dl) including flashing the natural gas stream, 

substep (d2) including phase separating the first pressure-reduced stream, 

said first separated stream comprising primarily vapor, 

said second separated stream comprising primarily liquid. 

49. A process according to claim 47, 

said first pressure-reduced stream, said first separated stream, and said 
second separated stream each comprising less than about 5 mole percent vapor. 

50. A process according to claim 47; and 

(e) compressing at least a portion of the first warmed stream in a 

compressor. 

51. A process according to claim 47, 
step (d) including the substeps of: 

(d5) reducing the pressure of at least a portion of the second cooled 
stream in a second expander to thereby provide a second pressure-reduced stream; 

(d6) separating at least a portion of the second pressure-reduced stream 
into a third separated stream and a fourth separated stream; 

(d7) warming at least a portion of the third separated stream in a fourth 
heat exchanger pass of the methane economizer to thereby provide a second warmed 
stream; and 

(d8) cooling at least a portion of the fourth separated stream in a fifth 
heat exchanger pass of the methane economizer to thereby provide a third cooled stream 

52. A process according to claim 5 1 , 

said second pressure-reduced stream, said third separated stream, and 
said fourth separated stream comprising less than about 5 mole percent vapor. 

53. A process according to claim 51; and 

(f) compressing at least a portion of the second warmed stream in a 

compressor. 

54. A process according to claim 51 , 
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step (d) including the substeps of: 

(d9) reducing the pressure of at least a portion of the third cooled 
stream to thereby provide a third pressure-reduced sucaiii, 

(dl 0) separating at least a portion of the third pressure-reduced stream 
into a fifth separated stream and a sixth separated stream; 

(dl 1) conducting at least a portion of the fifth separated stream to a liquefied 

natural gas storage tank; and 

(dl2) warming at least a portion of the sixth separated stream in a sixth 
heat exchanger path of the methane economizer to thereby provide a third warmed 
stream 

55. A process according to claim 54, 

said third pressure-reduced stream, said fifth separated stream, and said 
sixth separated stream comprising less than about 5 mole percent vapor. 

56. A process according to claim 54, 
step (d) including the substep of: 

(dl 3) warming at least a portion of the third warmed stream in a seventh 
heat exchanger pass of the methane economizer to thereby provide a fourth warmed 
stream 

57. A process according to claim 56; and 

(g) compressing at least a portion of the fourth warmed stream in a 

compressor. 

58. A process according to claim 56; and 

(h) combining a boil-off vapor stream from the liquefied natural gas 
storage tank with at least a portion of the third warmed stream, 

step (dl3) including warming the combined third warmed stream and 
boil-off vapor stream in the seventh heat exchanger pass of the methane economizer to 
thereby provide the fourth warmed stream 

59. A process according to claim 40; and 

(i) vaporizing liquefied natural gas produced via steps (a) - (d). 

60. A process for liquefying a natural gas stream, said process comprising 
the steps of: 
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(a) cooling the natural gas stream via indirect heat exchange with a 
first predominantly methane stream or group of streams to thereby provide a first cooled 
stream; 

(b) separating at least a portion of the first cooled stream into a first 
separated stream and a second separated stream; 

(c) compressing at least a portion of the first separated stream in a 

compressor; and 

(d) cooling at least a portion of the second separated stream via 
indirect heat exchange with a second predominantly methane stream or groups of 
streams to thereby form a second cooled stream 

61. A process according to claim 60; and 

(e) prior to step (a), cooling at least a portion of the natural gas 
stream via indirect heat exchange with a predominantly propane or propylene stream 

62. A process according to claim 61; and 

(f) prior to step (a) but subsequent to step (e), cooling at least a 
portion of the natural gas stream via indirect heat exchange with a predominantly ethane 
or ethylene stream 

63 . A process according to claim 60, 

said process for liquefying a natural gas stream being a cascade-type 

refrigeration process. 

64. A process according to claim 60, 

step (a) being carried out as part of an open methane refrigeration cycle. 

65 . A process according to claim 60, 

said first and second predominantly methane streams or groups of 
streams comprising the same stream or group of streams. 

66. A process according to claim 60, 

step (b) including phase separating the first cooled stream, 
said first separated stream comprising primarily vapor, 
said second separated stream comprising primarily liquid. 

67. A process according to claim 60, 

step (b) including splitting the first cooled stream into the first and 
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second separated streams with substantially no phase separation, 

said first and second separated streams comprising less than about 5 mole 

percent vapor. 

68. A process according to claim 60; and 

(g) prior to step (c), warming at least a portion of the first separated 
stream via indirect heat exchange with a third predominantly methane stream or groups 
of streams to thereby provide a first warmed stream 

69 A process according to claim 60; and 

(h) prior to step (b), reducing the pressure of at least a portion of the 
first cooled stream in a first expander to thereby provide a first pressure-reduced stream, 

step (b) including separating at least a portion of the first 
pressure-reduced stream into the first separated stream and the second separated stream 

70. A process according to claim 69, 

step (h) including flashing the first cooled stream. 

71. A process according to claim 69, 

step (h) involving substantially no flashing of the first cooled stream. 

72. A process according to claim 60; and 

(i) reducing the pressure of at least a portion of the second cooled 
stream in a second expander to thereby provide a second pressure-reduced stream; and 

(j) splitting at least a portion of the second pressure-reduced stream 
into a first split stream and a second split stream 
73 _ A process according to claim 72, 

said second pressure-reduced stream, said first split stream, and said 
second split stream each comprising less than about 5 mole percent vapor. 

74, A process according to claim 72; and 

(k) cooling at least a portion of the second split stream via indirect 
heat exchange to thereby provide a third cooled stream. 

75, A process according to claim 74; and 

(1) warming at least a portion of the first split stream via indirect heat 
exchange to thereby provide a second wanned stream; and 

(m) compressing at least a portion of the second warmed stream in the 
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compressor. 

76 A process according to claim 74; and 

*vF+Vir third cnnled 

(n) reaucing cue picsamc ui oi ivwi- «, 

stream in a third expander to thereby provide a third pressure-reduced stream; and 

(o) splitting at least a portion of the third pressure-reduced stream 
into a third split stream and a fourth split stream, 

said third pressure-reduced stream, said third split stream and said fourth 
split stream each comprising less than about 5 mole percent vapor. 

77 A process according to claim 76; and 

(p) warming at least a portion of the fourth split stream via indirect 
heat exchange to thereby provide a third warmed stream 

78 A process according to claim 77; and 

(q) conducting at least a portion of the third split stream to a liquefied 

natural gas storage tank. 

79 A process according to claim 78; and 

(r) combining at least a portion of the third warmed stream with a 
boil-off vapor stream from the liquefied natural gas storage tank to thereby form a 
combined stream 

80. A process according to claim 79; and 

(s) warming at least a portion of the combined stream by indirect heat 

exchange to thereby form a fourth warmed stream; and 

(t) compressing at least a portion of the fourth warmed stream in the 

compressor. 

8i A process according to claim 60; and 

(u) vaporizing liquefied natural gas produced via steps (a) - (d). 
82. A process for liquefying a natural gas stream, said process comprising 

the steps of: 

(a) reducing the pressure of the natural gas stream to thereby provide 
a first pressure-reduced stream comprising less than about 5 mole percent vapor; 

(b) splitting at least a portion of the first pressure-reduced stream into 
a first split stream and a second split stream, each of said first and second split streams 
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comprising less than about 5 mole percent vapor; 

(c) conducting at least a portion of the first split stream to a liquefied 

natural gas storage tank; and 

(d) heating at least a portion of the second split stream by indirect 
heat exchange with a first predominantly methane stream to thereby provide a first 
warmed stream 

83 a process according to claim 82; and 

(e) prior to step (a), cooling at least a portion of the natural gas 
stream via indirect heat exchange with a second predominantly methane stream. 
g4 A process according to claim 83; and 

(f) prior to step (e), cooling at least as portion of the natural gas 
stream via indirect heat exchange with a predominantly propane or propylene stream. 
g5 a process according to claim 84; and 

( g ) prior to step (e), cooling at least a portion of the natural gas 
stream via indirect heat exchange with a predominantly ethane or ethylene stream. 

A process according to claim 82, 

said process for hquefying a natural gas stream being a cascade-type 
refrigeration process. 

87 A process according to claim 82, 

step (a) being carried out as part of a multi-stage expansion cooling cycle. 
88. A process according to claim 82, 

step (a) involving substantially no flashing of the natural gas stream 
89 A process according to claim 82; and 

(h) combining at least a portion of the first warmed stream with 
boil-off vapors from the liquefied natural gas storage tank to thereby form a combined 
stream 

90. A process according to claim 89; and 

(i) compressing at least a portion of the combined stream in a 

compressor. 

91. A process according to claim 90; and 

(j) prior to step (i), warming at least a portion of the combined 
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stream by indirect heat exchange. 

92 A process according to claim 82; and 

, \ . j__ ±ua ^oenrp. r*f *t 1pa<5t a Dortion ofthe 

(k) prior to step ww r 

natural gas stream to thereby provide a second pressure-reduced stream; 

(1) prior to step (a), splitting at least a portion ofthe second 
pressure-reduced stream into a third split stream and a fourth split stream; and 

(m) prior to step (a), cooling at least a portion of the fourth split 
stream by indirect heat exchange to thereby provide a first cooled stream, 

step (a) including reducing the pressure of at least a portion ofthe first 

cooled stream 

93 A process according to claim 92; and 

(n) compressing at least a portion ofthe third split stream in a 

compressor. 

94 A process according to claim 93; and 

(o) prior to step (n), warming at least a portion ofthe third split 

stream by indirect heat exchange. 

95 A process according to claim 92, 

step (k) involving substantially no flashing ofthe natural gas stream. 

96 A process according to claim 92, 

said second pressure-reduced stream, said third split stream, and said 
fourth split stream comprising less than about 5 mole percent vapor. 

97 A process according to claim 92; and 

(p) prior to step (k), cooling at least a portion of the natural gas 
stream via indirect heat exchange with a second predominantly methane stream 

98 A process according to claim 92; and 

(q) prior to step (k), reducing the pressure of at least a portion ofthe 
natural gas stream to thereby provide a third pressure-reduced stream; 

(r) prior to step (k), separating at least a portion ofthe third 
pressure-reduced stream into a first separated stream and a second separated stream; and 

(s) prior to step (k), cooling at least aportion ofthe second separated 
stream by indirect heat exchange to thereby provide a second cooled stream, 
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step (k) including reducing the pressure of at least a portion of the second 

cooled stream. 

99. A process accurumg wiouxi 

(t) compressing at least a portion of the first separated stream in a 

compressor. 

100. A process according to claim 99; and 

(u) prior to step (t), warming at least a portion of the first separated 

stream by indirect heat exchange. 

101 . A process according to claim 98, 

step (q) including flashing the natural gas stream. 
1 02 A process according to claim 101, 

step (r) including phase separating the third pressure-reduced stream, 
said first separated stream comprising primarily vapor, 
said second separate stream comprising primarily liquid. 

103. A process according to claim 98, 

step (q) involving substantially no flashing of the natural gas stream 

104. A process according to claim 98, 

said third pressure-reduced stream, said first separated stream, and said 
second separated stream each comprising less than about 5 mole percent vapor. 

105. A process according to claim 98; and 

(v) prior to step (q), cooling at least a portion of the natural gas 
stream via indirect heat exchange with a third predominantly methane stream 

106. A process according to claim 82; and 

(w) vaporizing liquefied natural gas produced via steps (a) - (d). 

107. An apparatus for liquefying a natural gas stream, said apparatus 
comprising: 

a methane economizer for providing indirect heat exchange between a 
plurality of predominantly methane streams via a plurality of heat exchanger passes, said 
methane economizer comprising a first heat exchanger pass for cooling at least aportion 

of the natural gas stream; and 

a multi-stage methane expansion cycle for receiving at least a portion of 
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the cooled natural gas stream from the first heat exchanger pass, said methane expansion 
cycle comprising at least 3 expanders for sequentially reducing the pressure of the 

% o r>r 1p.cs nViasft separators. 

natural gas stream, said metnane expausiuu ^v>i* 

108. An apparatus according to claim 107; and 

a first refrigeration cycle employing a predominantly propane or 
propylene refrigerant to cool the natural gas stream 

109. An apparatus according to claim 108; and 

a second refrigeration cycle employing a predominantly ethane or 
ethylene refrigerant to cool the natural gas stream, 

said second refrigeration cycle being disposed downstream of the first 
refrigeration cycle and upstream of the methane economizer. 

HO. An apparatus according to claim 107, 

said methane economizer and said methane expansion cycle being part of 

an open methane refrigeration cycle. 

HI. An apparatus according to claim 107, 

said methane expansion cycle comprising a first expander for reducing 
the pressure of the natural gas stream received from the first heat exchanger pass, 

said methane expansion cycle comprising a separator for separating the 
pressure-reduced natural gas stream received fromthe first expander into a first 
separated stream and a second separated stream, 

said methane economizer comprising a second heat exchanger pass for 
warming the first separated stream received fromthe separator, 

said methane economizer comprising a third heat exchanger pass for 
cooling the second separated stream received from the separator. 

112. An apparatus according to claim 111, 

said separator being a phase separator operable to separate liquid and 

vapor phases of the natural gas stream 

113. An apparatus according to claim 111, 

said separator being a splitter for splitting the natural gas stream into 
multiple streams without significant phase separation. 

1 14. An apparatus according to claim 1 1 1; and 
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a compressor for compressing the warmed first separated stream received 

from the second heat exchanger pass. 

115 An apparatus according to claim i 1 i, 

saidn^eexpamioncyclecoo^a.econdexpanderforreduang 

to pressure of the cooler, second separated stream received from the ted heat 
exchanger pass, 

said methane expansion cycle comprising a first splitter for splitting the 
pressure-reduced second stream received from the second expander into a first spht 
stream and a second split without substantial phase separation, 

said methane economizer comprising a fourth heat exchanger pass for 
warming the first spht stream received from the first splitter, 

said methane economizer comprising a fifthheat exchanger pass for 
cooling the second split stream received fromthe first splitter. 
H6 An apparatus according to claim 115; and 

a multi-stage compressor for compressing me warmed first separated 

streamreceivedfromthe secondheat exchanger pass and the warmed first split stream 

received fromthe fourth heat exchanger pass. 

1 17 An apparatus according to claim 1 1 5, 

said methane expansion cycle comprising a third expander for reducing 
the pressure ofthe cooled second spUtsfream from me fifm heat exchanger pass 

said methane expansion cycle comprising a second splitter for splitting 
the pressure-reduced second split stream received from the third expander into a thn-d 

split stream and a fourth spht stream, 

said methane economizer comprising a sixth heat exchanger pass for 

warming the fourth spht stream received fromthe second splitter. 

1 18 An apparatus according to claim 1 17; and 

a liquefied natural gas storage tank for storing the third spht stream 

1 

received from the second splitter. 

I ig An apparatus according to claim 1 18; and 

a tee for combining boil-off vapors received fromthe liquefied natural 
gas storage tank and the warmed fourth spht stream received from the sixth heat 
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exchanger pass. 

120. An apparatus according to claim 1 19, 

• . :_j hf»nt pvr.haneer oass for 

saidmetnane econoim^cj. cuiujjuaiiAg - - 

warming the combined stream received from the tee. 
121 An apparatus according to claim 120; and 

a multi-stage compressor for compressing the warmed first separated 
stream received from the second heat exchanger pass, the warmed first split stream 
received from the fourth heat exchanger pass, and the warmed combined stream 
received from the seventh heat exchanger pass. 

122. A liquefied natural gas product produced via the process of claim 1 . 

123. A liquefied natural gas product produced via the process of claim 16. 

124 . A liquefied natural gas product produced via the process of claim 23 . 

125. AUquefiednaturalgasproductproducedviatheprocess of claim40. 

126. A liquefied natural gas product produced via the process of claim 60. 
127 A liquefied natural gas product produced via the process of claim 82. 

128 . A computer simulation process comprising using a computer to simulate 

the process of claim 1 . 

129 . A computer simulated process comprising using a computer to simulate 
the process of claim 16. 

130. A computer simulation process comprising using a computer to simulate 
the process of claim 23. 

131. A computer simulation process comprising using a computer to simulate 
the process of claim 40. 

132. A computer simulation process comprising using a computer to simulate 
the process of claim 60. 

133. A computer simulation process comprising using a computer to simulate 
the process of claim 82. 



